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Background: Across Europe, tobacco use is more prevalent among secondary school students attending vocational
tracks compared with students attending academic tracks. The purpose of the present study is to describe trends in
social inequality in daily smoking among adolescents between 2002 and 2010 by addressing both absolute social
inequality (prevalence difference between vocational and academic tracks) and relative social inequality
(prevalence ratio) in seven European countries. Methods: Analyses were based on data from 15-year-olds who
participated in the Health Behaviour in School-aged Children study in 2002, 2006 and 2010 in Belgium, Croatia,
France, Germany, Hungary, Italy and The Netherlands (total N=32867). Results: Overall, daily smoking decreased
between 2002 and 2010 in Belgium, France, Germany and The Netherlands, increased in Croatia and remained
stable in Hungary and Italy. Considerable differences in daily smoking according to educational track existed in all
countries. Absolute educational inequalities increased dramatically in Croatia and Italy, while relative inequalities
showed a tendency to increase in all countries (significant in Belgium and The Netherlands). Conclusions:
Conclusions on social inequality in adolescent smoking may appear differently when described by absolute and
relative measures. Especially the large increase in absolute educational inequalities in daily smoking in Croatia and
Italy are worrisome and warrant attention from the public health domain. The findings underline the need for
appropriate smoking policies and interventions in vocational schools across Europe.
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Introduction
Previous research in a wide variety of countries demonstrated thatadults with a higher educational status are less likely to smoke
than adults with a lower educational status.1–7 While the graded
relationship between educational level and smoking in adulthood
has been the subject of intense research, far less is known about
the magnitude and the pattern of educational differences in
smoking among adolescents.8–10 This is surprising as evidence of
such an early life-course relationship would be a matter of
concern. Moreover, the study of the development of educational
inequalities in smoking during adolescence may provide a better
understanding of the origins of socioeconomic differences in adult
health and may identify possible pathways by which adult health
inequalities are produced and reproduced.11,12
A few national studies have provided evidence of a relationship
between educational track and adolescent tobacco use in Belgium,13
Germany,10 Slovakia14 and Sweden.15 Owing to different methods of
data collection and analysis, international comparative studies have
not been performed yet. This is a major gap in the literature, as it is
unclear whether the findings of existing studies can be generalized to
other European countries with different educational systems, health
care provision and levels of welfare.
Moreover, recent studies of adult populations in Europe have
demonstrated that the relation between educational status and
smoking has changed, with smoking increasingly becoming a
phenomenon typical for individuals of lower educational status.6,16
It is unclear whether a similar development has occurred among
adolescents. Recent studies showing the lower effectiveness of
smoking prevention programs among adolescents of lower educa-
tional status17 suggest that the educational gap in smoking may be
widening among adolescents as well. A lack of social support,16
lower confidence in the ability to quit smoking and higher
nicotine dependence among the lower educated18 may contribute
to this widening gap.
The aims of the present study are (i) to identify educational dif-
ferences in adolescent smoking in seven European countries and
(ii) to test whether the relationship between educational track and
adolescent smoking changed over time between 2002 and 2010 in
these countries. Educational inequalities can be assessed by both
absolute and relative measures. Relative measures (e.g. prevalence
ratios, odds ratios, relative index of inequality) are appropriate when
answering research questions on aetiology. Absolute measures (e.g.
prevalence differences, slope index of inequality) may especially be
useful for individual and clinical purposes and for decision-makers
on public health issues.19 In the present study, we present changes in
social inequality in daily smoking by both absolute and relative
measures of inequality.
Methods
The analysis was based on data from the Dutch, German, Belgian,
Italian, French, Hungarian and Croatian Health Behaviour in
School-aged Children (HBSC) study. Since 1983/84, cross-sectional
surveys of 11-, 13- and 15-year-old adolescents have been carried out
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every 4 years in a growing number of countries based on an inter-
nationally agreed protocol. A detailed description of the HBSC study
can be found elsewhere.20
The seven countries included in this study were selected because
they (i) had an educational system with different educational tracks
and (ii) had registered the educational track of each respondent
within their sample. The analyses of the present study are limited
to the data collection waves from 2001/02, 2005/06 and 2009/10, as
The Netherlands, Italy and Croatia only joined the study in 2001/02.
All samples were nationally representative, except for the Belgian
sample (i.e. this sample was representative only for the Flemish
region) and the German sample; owing to the differing school
systems across the federal states in Germany, the present study
could only include German data from the federal states of
Northrhine Westphalia and Hesse in 2002 and 2006 and from
three additional states (Bayern, Niedersachsen and Schleswig-
Holstein; five states in total) in 2010. In 2010, Germany had a
national survey for the first time. The three states were added to
the sample in 2010 to have comparable sample sizes across survey
years. All five states had a comparable school system. To control for
differences in the composition of states in the different samples, all
analyses on the German sample were controlled for federal state.
Logistic regressions and analyses of variances (ANOVAs) revealed
no differences between the initially included federal states and those
that were added to the sample in 2010 with respect to daily smoking
[OR = 1.05 (0.73–1.52)], gender [OR = 1.04 (0.83–1.30)], family
affluence [F(4, 1234) = 1.57, P = 0.18] and adolescent academic
achievement [F(4, 1260) = 1.27, P = 0.28].
Sample
All surveys used identical protocols considering target group,
sampling and data collection. Samples were drawn by systematic
cluster sampling in which the primary sampling units were either
school classes or entire schools. The fieldwork took place between
Autumn 2001/2005/2009 and Spring 2002/2006/2010. Only students
whose parents did not object to their child’s participation in the
study and who volunteered to participate were included in the
study. Participating countries and regions obtained institutional
ethics approval. Response rates within classes ranged from 69%
(Germany, 2010) to 96% (Hungary, 2010), with the main reasons
for absence being illness and a lack of informed consent from
parents.
In most countries, adolescents are not allocated to a specific edu-
cational track before the age of 15 years; therefore, the analysis for
the present study was limited to 15-year-olds. In total, 32 867
students (15 874 male and 16 993 female) were included in the
study. The characteristics of the different samples are presented in
table 1.
Instrument and variables
Data were collected by means of a standardized questionnaire
ensuring anonymity and confidentiality to the students, and admin-
istered in the classroom.
Daily tobacco smoking
Smoking status was defined on the basis of the question ‘How often
do you smoke tobacco at present?’ Original answer categories (never,
less than weekly, weekly but not daily, daily) were recoded into no
daily smoking and daily smoking. As daily smoking is a crucial aspect
of nicotine dependence,21 daily smoking adolescents have an
increased likelihood of smoking in the future and developing
smoking-related health problems leading to premature deaths.22 T
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Educational track
As the participating countries in this study had different educational
systems, we provide a short description of how the educational
tracks in the different countries were categorized as either low,
medium or high (see table 2). The choice for a specific educational
track or school type generally depends on students’ achievement in
previous school years, but is also influenced by parents’
socioeconomic status (especially its cultural and intellectual
aspects23 and access to social capital.24
Statistical analyses
Analyses were performed for each country separately, as it was
difficult to directly compare the different national school systems.
Overall prevalence rates of adolescent daily smoking and prevalence
rates per educational track were presented for each year separately.
Absolute time trends were estimated by calculating the difference in
raw prevalence between 2002 and 2010. Relative time trends were
estimated by means of a logistic regression model in Mplus (version
6.11).25 Survey year was included in the model as two dummy
variables, with 2002 being the reference category. The odds ratio
of the year 2010 was presented as an indication of the trends. The
analyses were controlled for differences across the years in the dis-
tribution of adolescents across educational tracks and for cluster
effects (school as primary sampling unit). As no cluster variable
was available for the German samples, we used = 0.001 to be
more conservative for these samples.
Gender differences in overall trends were tested through inter-
action effects by means of a multiple group logistic regression
analysis in each country, testing whether the trends in daily
smoking were similar for boys and girls. If the model allowing
gender differences had a better fit than the model in which trends
were fixed to be equal across gender (based on the 2 difference test),
results were presented separately for boys and girls. Otherwise, the
overall trend analyses were controlled for gender.
Differences in daily smoking according to educational track were
analysed for each survey year separately. Educational inequality was
assessed by means of an absolute measure (i.e. by calculating the
prevalence difference in daily smoking between adolescents in
vocational and academic tracks) and a relative measure (i.e. by
calculating the odds ratio indicating the relative likelihood that
vocational students smoke daily compared with academic
students). To examine gender differences, interaction effects were
tested as described above.
To test whether the absolute differences in daily smoking
according to educational track had changed over time, the change
in prevalence difference scores between 2002 and 2010 was
calculated. To test whether relative differences had increased
between 2002 and 2010, a multiple group logistic regression
analysis was performed with survey year as grouping variable. Two
models were compared: a model in which differences in daily
smoking according to educational track were allowed to increase
across survey years and a model in which they were not. If the
model allowing an increase in the differences according to educa-
tional track had a better fit (based on the 2 difference test), it was
concluded that differences had increased.
Results
Overall prevalence and trends
Table 3 presents the prevalence rates of daily smoking among ado-
lescents in the different educational tracks by country and survey
year. In 2002, overall prevalence rates differed considerably across
countries. Italian adolescents smoked least (15.8% daily smokers),
whereas German adolescents smoked most (27.5% daily smokers).
In 2010, German adolescents smoked least (10.2% daily smokers).
Croatia, which scored among the lowest in 2002, had the highest
prevalence in 2010 (19.7% daily smokers).
Absolute trend analyses revealed that adolescent daily smoking
decreased especially strongly in Germany (17.3%), but also in The
Netherlands (7.3%), Belgium (7.2%) and France (5.2%). In
Croatia, adolescent daily smoking increased (+2.8%). Differences in
prevalence between 2002 and 2010 in Hungary and Italy were small.
The relative trend analyses confirmed this pattern. The results of the
logistic regressions revealed that the prevalence of adolescent daily
smoking between 2002 and 2010 decreased significantly in Germany,
The Netherlands, Belgium and France, increased in Croatia and
remained stable in Italy and Hungary.
Overall trends in daily smoking did not differ between boys
and girls: 2(2) = 1.40, P = 0.50 for Belgium; 2(2) = 1.12,
P = 0.57 for Croatia; 2(2) = 1.71, P = 0.42 for France;
2(2) = 1.95, P = 0.38 for Germany; 2(2) = 0.66, P = 0.74 for
Hungary; 2(2) = 0.59, P = 0.74 for Italy and 2(2) = 2.72,
P = 0.26 for The Netherlands.
Differences in daily smoking according to educational
track: prevalence and trends
In all countries, a pronounced gradient of educational track in daily
smoking was observed. Absolute differences in daily smoking between
students in vocational and academic tracks ranged from 5.1% (Italy,
2002) to 26.7% (Germany, 2002). Between 2002 and 2010, absolute
differences dramatically increased in Croatia (+14.4%), Italy (+8.8%)
and to a smaller extent in Hungary (+2.4%) and Belgium (+2.3%).
They decreased in Germany (7.9%) and The Netherlands (5.0%)
and fluctuated in France.
Table 2 Overview of the classification of educational tracks per country
Country Educational track Classification
Belgium / Croatia / Italy General secondary education / gymnasium / lyceum Academic (high)
Technical secondary education Academic (low)
Professional / vocational secondary education Vocational
France / Hungary Academic track Academic
Vocational track Vocational
Germany Gymnasium (grammar school) Academic (high)
Gesamtschule (comprehensive school) Academic (medium)
Realschule (intermediate school) Academic (low)
Hauptschule (general secondary school) Vocational
The Netherlands VWO (high academic education) Academic (high)
HAVO (medium academic education) Academic (medium)
VMBO-theoretical track (lower academic education) Academic (low)
VMBO-basic track (vocational training) Vocational
VWO=Voorbereidend Wetenschappelijk Onderwijs; HAVO=Hoger Algemeen Voortgezet Onderwijs; VMBO=Voorbereidend Middelbaar
BeroepsOnderwijs.
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Table 3 Adolescent daily smoking according to educational track by country and survey year (2002–10)
Country 2002 (%) 2006 (%) 2010 (%) Trend 2002–10
Absolute (%)a Relative (OR, 95% CI)b
Belgium
Total 18.1 11.9 10.9 7.2 0.66 (0.59–0.74)
Educational track
Academic (high) 9.8 5.4 3.2 6.6 0.58 (0.45–0.73)
Academic (low) 24.2 11.6 10.9 13.3 0.59 (0.49–0.71)
Vocational 29.8 26.3 25.5 4.3 0.89 (0.71–1.10)
Absolute prevalence difference (%) (Voc–Acad)a 20.0 20.9 22.3 +2.3
Relative prevalence difference (OR, 95% CI) (Voc–Acad)b 2.16 (1.79–2.61) 2.65 (2.05–3.42) 3.29 (2.47–4.38)*
Croatia
Total 16.9 20.0 19.7 +2.8 1.17 (1.02–1.35)
Educational track
Academic (high) 10.3 9.8 9.6 0.7 0.97 (0.68–1.39)
Academic (low) 18.1 16.7 19.5 +1.4 1.06 (0.88–1.28)
Vocational 20.0 32.3 33.7 +13.7 1.52 (1.22–1.89)
Absolute prevalence difference (%) (Voc–Acad)a 9.7 22.5 24.1 +14.4
Relative prevalence difference (OR, 95% CI) (Voc–Acad)b 1.53 (1.07–2.20) 2.39 (1.88–3.05) 2.51 (2.01–3.12)
France
Total 19.8 14.3 14.6 5.2 0.89 (0.79–0.99)
Educational track
Academic 16.3 13.6 13.4 2.9 0.88 (0.78–1.00)
Vocational 31.0 22.3 29.0 2.0 0.85 (0.61–1.20)
Absolute prevalence difference (%) (Voc–Acad)a 14.7 8.7 15.6 +0.9
Relative prevalence difference (OR, 95% CI) (Voc–Acad)b 1.63 (1.38–1.93) 1.44 (1.08–1.91) 1.73 (1.28–2.34)
Germany
Total 27.5 14.9 10.2 17.3 0.54 (0.47–0.61)
Educational track
Academic (high) 14.5 7.7 3.0 11.5 0.39 (0.30–0.52)
Academic (medium) 29.5 18.4 13.4 16.1 0.49 (0.33–0.71)
Academic (low) 25.6 15.2 12.0 13.6 0.60 (0.48–0.76)
Vocational 41.2 24.9 21.8 19.4 0.55 (43–0.72)
Absolute prevalence difference (%) (Voc–Acad)a 26.7 17.2 18.8 7.9
Relative prevalence difference (OR, 95% CI) (Voc–Acad)b 2.38 (1.95–2.90) 2.13 (1.75–2.59) 3.00 (2.27–3.95)
Hungary
Total 19.0 17.5 18.3 0.7 1.04 (0.87–1.24)
Educational track
Academic 15.5 15.0 16.4 +0.9 1.03 (0.84–1.26)
Vocational 33.1 31.0 36.4 +3.3 1.11 (0.84–1.45)
Absolute prevalence difference (%) (Voc–Acad)a 17.6 16.0 20.0 +2.4
Relative prevalence difference (OR, 95% CI) (Voc–Acad)b 1.78 (1.49–2.13) 1.71 (1.28–2.28) 1.87 (1.44–2.43)
Italy
Total 15.8 14.0 15.8 +0.0 1.03 (0.90–1.19)
Educational track
Academic (high) 13.6 11.6 11.5 2.1 0.90 (0.72–1.12)
Academic (low) 16.1 12.6 17.2 +1.1 1.04 (0.84–1.30)
Vocational 18.7 22.8 25.4 +6.7 1.26 (0.91–1.74)
Absolute prevalence difference (%) (Voc–Acad)a 5.1 11.2 13.9 +8.8
Relative prevalence difference (OR, 95% CI) (Voc–Acad)b 1.24 (0.94–1.65) 1.57 (1.17–2.10) 1.71 (1.29–2.27)
The Netherlands
Total 19.2 14.1 11.9 7.3 0.74 (0.64–0.85)
Educational track
Academic (high) 8.6 3.4 1.9 6.7 0.49 (0.34–0.70)
Academic (medium) 11.1 7.6 7.1 4.0 0.79 (0.58–1.09)
Academic (low) 18.4 14.6 14.0 4.4 0.84 (0.66–1.07)
Vocational 34.3 24.6 22.6 11.7 0.70 (0.55–.89)
Absolute prevalence difference (%) (Voc–Acad)a 25.7 21.2 20.7 5.0
Relative prevalence difference (OR, 95% CI) (Voc–Acad)b 2.69 (2.08–3.47) 3.10 (2.10–4.59) 3.83 (2.71–5.44)*
a: Absolute differences refer to the differences in raw percentages (2010–02 for trends and vocational–academic for educational
differences).
b: Relative differences (odds ratios; ORs) were calculated by means of logistic regression models adjusted for gender and cluster effects. To
calculate the relative educational differences, educational track was entered as (a) dummy variable(s) in the model. The highest academic
track was the reference category. The OR of the vocational track is presented. ORs gradually increased as tracks became more oriented
towards vocational training (data not presented). CI = confidence interval.
*The trend over time in educational differences is statistically significant (P<0.05).
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Relative differences, as expressed by odds ratios, ranged from 1.44
(France, 2006) to 3.83 (The Netherlands, 2010). Only in Italy in
2002, relative differences were not significant. Relative differences
had a tendency to increase in all countries. This increase was
significant in Belgium [2(4) = 7.72, P = 0.05] and The
Netherlands [(2(6) = 11.70, P = 0.03], but not in Croatia
[2(4) = 5.82, P = 0.11], France [2(2) = 0.88, P = 0.32],
Germany [2(6) = 9.29, P = 0.08], Hungary [2(2) = 0.17,
P = 0.46] and Italy [2(4) = 4.72, P = 0.16].
Also with respect to the association between educational
track and daily smoking, no gender differences were
found: 2(2) = 1.24, P = 0.54 for Belgium; 2(2) = 3.29, P = 0.19
for Croatia; 2(1) = 0.48, P = 0.49 for France; 2(3) = 4.61,
P = 0.20 for Germany; 2(1) = 2.25, P = 0.13 for Hungary;
2(2) = 5.50, P = 0.06 for Italy and 2(3) = 1.43, P = 0.70 for
The Netherlands.
Discussion
To our best knowledge, this is the first study to examine trends in
educational differences in adolescent smoking in a cross-national
perspective. The results show that in all countries, vocational
secondary school students are more likely to be daily smokers
compared with academic students. Absolute educational differences
in daily smoking were especially large (>20%) in Belgium and The
Netherlands. Between 2002 and 2010, they increased dramatically in
Croatia and Italy. Relative differences were largest in Belgium,
Germany and The Netherlands. They showed a tendency to
increase in all countries; this increase was significant in Belgium
and The Netherlands.
The cross-national consistent association between educational
track and adolescent smoking confirms findings from previous
national studies.10,13–15 While the strong association between
school type and daily smoking might also be the effect of selection
processes resulting from differential home environments and reflect
different social norms and parental modelling behaviours related to
smoking, the specific school environments could also have inde-
pendent effects on smoking. With increasing age, the influence of
family background on adolescents decreases, while the influence of
peers increases.9,26,27 Educational track may thus largely represent
effects of differential peer clusters and school-related factors such as
achievement motivation and school performance. Previous research
has suggested a process in which peer clusters with a higher
likelihood of performance problems create a ‘school-alienated’
peer climate that might be considered a risk factor for health-
compromising behaviours such as smoking.10
Both the absolute increase in educational differences in daily
smoking in Croatia and Italy and the relative increase in educational
differences in Belgium and The Netherlands are consistent with
Rogers’ theory of diffusion of innovation28 and Lopez’ model of the
smoking epidemic.29 According to these models, the smoking
epidemic in industrialized countries has evolved in four stages.28,29
In the first stage, smoking pervades the higher educated groups
(innovators). During the second stage, smoking spreads to the rest
of the population, including the lower educated groups (laggards).
The third stage is characterized by the start of cessation in the higher
educated groups, male dominance and a rise in female smoking.
Finally, in the fourth stage, smoking declines among the higher
educated groups, but remains high among lower educated groups.
By the end of the 20th century, most Northern and Western European
countries (Belgium, France, Germany, The Netherlands) were
classified as stage 4, while Southern and Eastern European countries
(Croatia, Hungary, Italy) were classified as stage 3.5,22,28,29 The overall
decreasing trends identified in Western European countries, the stable
or increasing trends in Southern and Eastern European countries, the
absolute increase in smoking among especially vocational students in
Croatia, Hungary and Italy and the increasing relative educational
differences in Belgium and The Netherlands identified in the
present study are in line with this classification.
Our study extends previous research on adult populations in
Europe, which identified increasing (relative) educational inequalities
in smoking behaviours in the end of the 20th century.6 This increase
among adults was explained by public health initiatives being most
effective in stabilizing or cutting down tobacco consumption among
the higher educated. Although our findings confirm a similar trend
among adolescents in Belgium and The Netherlands, it should be
acknowledged that these trends are likely to be a mathematical con-
sequence of the general decrease in smoking prevalence and the low
prevalence rates among academic students in these countries. More
concerning than these relative increases are the increases in daily
smoking among vocational students in Croatia, Hungary and Italy.
To our best knowledge, only three previous studies examined
trends in educational differences in smoking among European ado-
lescents. A German study found that between 1994 and 2002, the
impact of educational track on smoking remained virtually
unchanged in adolescent boys and girls.10 A Finnish study found
that absolute differences in smoking according to school perform-
ance increased among adolescents in Finland between 1977 and
2007.30 Finally, a Danish study found that social inequality
(according to parental occupational status) in adolescent smoking
(both absolute and relative) fluctuated between 1991 and 2006.19
The present study, based on more recent data and a larger
number of contrasted countries, provides a comprehensive
overview of the development over time in educational differences
in adolescent smoking across Europe.
Study strengths and limitations
The HBSC study presents an outstanding opportunity to analyse
cross-national trends in tobacco smoking and inequalities in
tobacco smoking among young people in industrialized countries.
The strengths of this study include the use of a large cross-national
dataset and a standardized protocol with respect to the data collection
adhered to in all countries. Limitations include the use of self-report
of tobacco use. In general, self-reported smoking prevalence has been
considered a valid indicator of the actual smoking status,31,32
especially in epidemiological studies. However, tobacco smoking is
a normatively loaded topic and there may be an uneven distribution
of social desirability effects among different socioeconomic and
cultural groups, which could lead to an overestimation of educational
differences in tobacco use. To underline the importance of honest
responses, before filling in questionnaires, students were assured of
the anonymity of the study and that neither parents nor teachers
would find out about their individual answers.33
A second limitation is that our data were cross-sectional.
Therefore, we cannot make any causal inferences. For example,
based on the findings of this study, we cannot draw any firm con-
clusions on the relative importance of school climate and the effect
of selection processes in recruitment of students.
Finally, although we controlled the trend analyses for differences
across the years in the distribution of students across educational
tracks, it is important to note that in six of these seven countries, the
proportion of pupils in vocational tracks decreased from 2002 to
2010. This may reflect the dynamics of a vertical social mobility,
which leaves adolescents from families with few resources in
vocational tracks, i.e. vocational tracks may be qualitatively
different in 2002 and 2010. Future research may examine to what
extent this process influenced the trends in educational inequality in
smoking.
Implications
Conclusions on social inequality in adolescent smoking may appear
differently when described by absolute and relative measures. The
present findings underline the need for appropriate smoking policies
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and interventions in vocational schools across Europe. While there is
an overall trend towards a decrease in adolescent smoking in
Western Europe, the stabilizing or increasing general trends in
adolescent smoking in Croatia, Hungary and Italy and the accom-
panying increase in absolute educational inequalities in smoking in
these countries are worrisome and warrant attention.
Acknowledgements
The Health Behaviour in School-aged Children (HBSC) study is an
international survey conducted in collaboration with the WHO
Regional Office for Europe. The current International Coordinator
of the study is Candace Currie, CAHRU, University of St Andrews,
Scotland. The data bank manager is Oddrun Samdal, University of
Bergen, Norway. This publication reports on data from the following
countries (current principal investigators, contact person and data
manager for the present study): Belgium (Flemisch; Carine
Vereecken; Anne Hublet), Croatia (Marina Kuzman; Iva Pejnovic
Franelic), France (Emmanuelle Godeau; Virginie Ehlinger),
Germany (Petra Kolip; Jens Bucksch), Hungary (A´gnes Ne´meth;
Emese Zsiros), Italy (Franco Cavallo; Paola Dalmasso), The
Netherlands (Wilma Vollebergh; Margaretha de Looze).
Funding
The data collection in each country was funded at the national level.
We are grateful for the financial support offered by the various
government ministries, research foundations and other funding
bodies in the participating countries and regions.
Conflicts of interest: None declared.
Key points
 This article is the first to investigate cross-national trends in
educational differences in tobacco smoking among adoles-
cents in Europe.
 Between 2002 and 2010, a steep overall decrease in smoking
prevalence was found among adolescents in Belgium,
France, Germany and The Netherlands, while an increasing
trend was found in Croatia; stable trends were observed in
Italy and Hungary.
 Large differences in adolescent daily smoking according to
educational track were found in all the countries included in
the study.
 Absolute educational differences in smoking increased con-
siderably in Croatia and Italy and slightly in Belgium and
Hungary. In all countries, a tendency towards increasing
relative educational inequalities was observed (significant
in Belgium and The Netherlands).
 The strong association between educational track and daily
smoking points to the importance of health promotion and
health education programs conducted in the school setting
to reduce social health inequalities.
References
1 Adler NE, Ostrove JM. Socioeconomic status and health: what we know and what
we don’t. Ann NY Acad Sci 1999;896:3–15.
2 Mackenbach JP, Bakker MJ, Kunst AE, Diderichsen F. Socioeconomic inequalities in
health in Europe: an overview. In: Mackenbach JP, Bakker MJ, editors. Reducing
Inequalities in Health: A European Perspective. London: Routledge, 2002: 3–24.
3 Mackenbach JP, Stirbu I, Roskam AJR, et al. Socioeconomic inequalities in health in
22 European countries. N Engl J Med 2008;358:2468–81.
4 Cavelaars AEJM, Kunst AE, Geurts JJM, et al. Educational differences in smoking:
international comparison. BMJ 2000;320:1102–7.
5 Huisman M, Kunst AE, Mackenbach JP. Educational inequalities in smoking among
men and women aged 16 and older in 11 European countries. Tob Control 2005;14:
106–13.
6 Giskes K, Kunst AE, Benach J, et al. Trends in smoking behaviour between 1985 and
2000 in nine European countries by education. J Epidemiol Community Health 2005;
59:395–401.
7 Schaap M. Socioeconomic inequalities in smoking in Europe. PhD dissertation.
Erasmus University Rotterdam, 2010.
8 Wardle J, Jarvis MJ, Steggles N, et al. Socioeconomic disparities in cancer-risk
behaviours in adolescence: baseline results from the Health and Behaviour in
Teenagers Study (HABITS). Prev Med 2003;36:721–39.
9 West P. Health inequalities in the early years: is there equalisation in youth? Soc Sci
Med 1997;44:833–58.
10 Richter M, Leppin A. Trends in socio-economic differences in tobacco
smoking among German schoolchildren, 1994–2002. Eur J Public Health 2007;17:
565–71.
11 Starfield B, Riley AW, Witt WP, Robertson J. Social class gradients in health during
adolescence. J Epidemiol Community Health 2002;56:354–61.
12 Case A, Paxson C, Vogl T. Socioeconomic status and health in childhood: a
comment on Chen, Martin and Matthews, ‘‘Socioeconomic status and
health: do gradients differ within childhood and adolescence?’’ Soc Sci Med 2007;64:
757–61.
13 Vereecken CA, Maes L, De Bacquer D. The influence of parental occupation and the
pupils’ educational track on lifestyle behaviours among adolescents in Belgium.
J Adolesc Health 2004;34:330–8.
14 Geckova A, Van Dijk JP, Groothoff JW, Post D. Socio-economic differences in
health risk behaviour and attitudes towards health risk behaviour among Slovak
adolescents. Soz Praventivmed 2002;47:233–9.
15 Hagquist C, Sundh M, Eriksson C. Smoking habits before and after the introduction
of a minimum age law for tobacco purchase: analysis of data on adolescents from
three regions of Sweden. Scand J Public Health 2007;35:373–9.
16 Pampel FC, Denney JT. Cross-national sources of health inequality: education and
tobacco use in the World Health Survey. Demography 2011;48:653–74.
17 Mercken L, Moore L, Crone MR, et al. The effectiveness of school-based smoking
prevention interventions among low- and high-SES European teenagers. Health
Educ Res 2012;27:459–69.
18 Monso´ E, Campell J, Tønnesen P, et al. Sociodemographic predictors of success in
smoking intervention. Tob Control 2001;10:165–9.
19 Rasmussen M, Due P, Damsgaard MT, Holstein BE. Social inequality in
adolescent daily smoking: has it changed over time? Scand J Public Health 2009;37:
287–94.
20 Roberts C, Freeman J, Samdal O, et al. The health behaviour in school-aged
Children (HBSC) study: methodological developments and current tensions. Int J
Public Health 2009;54(Suppl 2):140–50.
21 Jarvis MJ. Why people smoke. BMJ 2004;328:277–9.
22 Hublet A, De Bacquer D, Valimaa R, et al. Smoking trends among adolescents from
1990 to 2002 in ten European countries and Canada. BMC Public Health 2006;6:
280–7.
23 Herweijer L. Grenzen aan opwaartse mobiliteit? In: van den Broek A, Bronneman-
Helmers R, Veldheer V, editors. Wisseling van de wacht: Generaties in Nederland
Sociaal en cultureel rapport 2010. [Intergenerational changes in The Netherlands.
Social and cultural report 2010]. The Hague. The Netherlands: The Netherlands
Institute for Social Research, 2010.
24 Eriksson M, Dahlgren L, Janlert U, et al. Social capital, gender and educational
track—impact on self-rated health. Open Public Health J 2010;3:1–12.
25 Muthe´n LK, Muthe´n BO. Mplus User’s Guide (1998–2010), 6th edn. Los Angeles,
CA: Muthe´n & Muthe´n, , 1998–2010.
26 De Looze M, Harakeh Z, van Dorsselaer SAFM, et al. Explaining educational
differences in substance use and early sexual debut: the role of parents and peers.
J Adolesc 2012;35:1035–44.
27 Chen E, Matthews KA, Boys WT. Socioeconomic differences in children’s
health: how and why do these relationships change with age. Psychol Bull 2002;2:
295–329.
28 Rogers EM. Diffusion of Innovations, 4th edn. New York: Free Press, 1995.
29 Lopez AD, Collishaw NE, Piha T. A descriptive model of the cigarette epidemic in
developed countries. Tob Control 1994;3:242–7.
Trends in educational differences in smoking 851
30 Doku D, Koivusilta L, Rainio S, Rimpela A. Socioeconomic differences in smoking
among finnish adolescents from 1977 to 2007. J Adolesc Health 2010;47:479–87.
31 Dolcini MM, Adler NE, Lee P, Bauman KE. An assessment of the validity of
adolescent self-reported smoking using three biological indicators. Nicotine Tob Res
2003;5:473–83.
32 Patrick DL, Cheadle A, Thompson DC, et al. The validity of self-reported smoking: a
review and meta-analysis. Am J Public Health 1994;84:1086–93.
33 Brener ND, Billy JOG, Grady WR. Assessment of factors affecting the validity of
self-reported health-risk behaviour among adolescents: evidence from the scientific
literature. J Adolesc Health 2003;33:436–57.
. . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . .. . . . . . . . . . . . . . .
European Journal of Public Health, Vol. 23, No. 5, 852–857
 The Author 2013. Published by Oxford University Press on behalf of the European Public Health Association. All rights reserved.
doi:10.1093/eurpub/ckt026 Advance Access published on 11 March 2013
. . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . .. . . . . . . . . . . . . . .
Innovations in medical care and mortality trends from
four circulatory diseases between 1970 and 2005
Rasmus Hoffmann1, Iris Plug1, Martin McKee2, Bernadette Khoshaba2, Ragnar Westerling3,
Caspar Looman1, Gregoire Rey4, Eric Jougla4, Jose Luis Alfonso5, Katrin Lang6, Kersti Pa¨rna6,
Johan P. Mackenbach1
1 Department of Public Health, Erasmus Medical Center, Rotterdam, The Netherlands
2 Department of Health Services Research and Policy, London School of Hygiene and Tropical Medicine, London, UK
3 Department of Public Health and Caring Sciences, Uppsala University, Uppsala, Sweden
4 National Institute for Health and Medical Research (INSERM Ce´piDc), Le Kremlin-Biceˆtre, France
5 Department of Preventive Medicine and Public Health, University of Valencia, Valencia, Spain
6 Department of Public Health, University of Tartu, Tartu, Estonia
Correspondence: Rasmus Hoffmann, Department of Public Health, Erasmus Medical Center, P.O. Box 2040, 3000 CA
Rotterdam, The Netherlands, tel: +31 10 70 44220, fax: +31 10 7038474, e-mail: r.hoffmann@erasmusmc.nl
Background: Governments have identified innovation in pharmaceuticals and medical technology as a priority for
health policy. Although the contribution of medical care to health has been studied extensively in clinical settings,
much less is known about its contribution to population health. We examine how innovations in the management
of four circulatory disorders have influenced trends in cause-specific mortality at the population level. Methods:
Based on literature reviews, we selected six medical innovations with proven effectiveness against hypertension,
ischaemic heart disease, heart failure and cerebrovascular disease. We combined data on the timing of these
innovations and cause-specific mortality trends (1970–2005) from seven European countries. We sought to identify
associations between the introduction of innovations and favourable changes in mortality, using Joinpoint-models
based on linear spline regression. Results: For both ischaemic heart disease and cerebrovascular disease, the timing
of medical innovations was associated with improved mortality in four out of five countries and five out of seven
countries, respectively, depending on the innovation. This suggests that innovation has impacted positively on
mortality at the population level. For hypertension and heart failure, such associations could not be identified.
Conclusion: Although improvements in cause-specific mortality coincide with the introduction of some innov-
ations, this is not invariably true. This is likely to reflect the incremental effects of many interventions, the time
taken for them to be adopted fully and the presence of contemporaneous changes in disease incidence. Research
on the impact of medical innovations on population health is limited by unreliable data on their introduction.
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Introduction
It is now widely accepted that improvements in health care areamong the factors that have contributed to the reductions in
mortality observed in all industrialized countries over recent
decades. However, while this view can draw on a wealth of
research showing that specific interventions improve the outcomes
of various diseases, with at least some of the studies measuring
reduction in mortality, it has been rather more difficult to
attribute the decline in deaths from particular conditions to
specific interventions. A few studies have found associations
between the timing of certain interventions and reductions in
mortality at the level of populations, but such analyses are few.1–3
Yet, the extent to which innovations in health care have actually
contributed to population health gain is a non-trivial but
important question that is still not answered adequately.4,5 Several
studies have tried to quantify the impact of health care on the
decline in cardiovascular mortality after 1970 assuming that there
are factors attributable to medical care (cholesterol, hypertension,
other treatments) and external factors (smoking, alcohol and
nutrition). Yet, while there is considerable disagreement on the
magnitude of the impact, varying between 25,6 40,7–9 7110 and
75%,11 there is a consensus that the contribution of medical care
is far from trivial.
This article presents a new methodology to assess empirically the
effect of selected medical innovations on four cardiovascular causes
of death, which are among the most common in the European
Union.
Hypertension
Although this condition is often considered as a risk factor for other
circulatory diseases, it is also an important cause of death in its own
right. In the last few decades, several treatments have been
introduced, such as beta-blockers, angiotensin converting enzyme
(ACE) inhibitors, diuretics and calcium antagonists.12 However,
while all have been shown to be effective in lowering blood
pressure in clinical trials, there is a lack of direct evidence linking
their use to a decrease in mortality from hypertension at a
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